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CLAIMS 

(5.7) [Claim(s)] 

[Claim 1](a) A carbon source* is evaporated under existence of an inactive gas for quenching under 
conditions effective ;in order to generate soot-like carbon output containing G 6Q and/or a G 70 

molecule, (b) Make soot-like carbon output adhere on the extraction surface, and: a nonpolar 
organic solvent extracts this soot-like carbon output ori (c) this surface of extraction, And a 
method of manufacturing Cg Q and/or C 70 which consist of what Gg 0 and/or G 70 are collected from 

nonpolar (d) this organic solvent for. 

[Claim 2] It is the method of manufacturing a mixture of C 6Q which comprises only a carbon atom, 

C™, and Q5 4 q,: (a) Evaporate a carbon source under existence of an inactive gas for quenching 

under conditions effective in order to generate sootHike carbon output containing Q 60 , C 7 q,- and a 

-240 rnplecuje-, £b) Make soot^like carbon output adhere on the extraction surface, arid a nonpolar 

organic solvent extracts this soot-like carbon output .oh (c) this surface of extraction, And a 
method of manufacturing a mixture of Cg Q which consists of what C^, G 7Q , and G 240 are collected 

from nonpolar (d) this organic solvent for, C 7Q , and C 240 . 

[Claim 3] (a) A carbon source is evaporated under existence of an inactive gas for quenching under 
conditions effective in order to generate soot-like carbon output containing C 6Q and a C 7Q 

molecule, (b) Make soot-like carbon output adhere and make Gqq and C 7Q sublimate on the 

extraction surface from this sbot-like carbon output on (c) this surface of extraction, And a 
method of manufacturing a mixture of C 6Q which consists of what C 6Q and C 70 are collected for by 

condensing sublimated this G 60 and C 7Q , and C 70 . 

[Claim 4]It is the: method of manufacturing a mixture of Q 60 which comprises only a carbon atom, 
C 70 , and C 240 , (a) Evaporate a carbon source under existence of an inactive gas for quenching 
under conditions, effective ;in order to generate soot-like carbon output containing C 6 q, C 70 , and a 
^240 ^°l©cule>.(b*)-Make soot-like carbon output adhere and make C 6Q , C 7Q> and C 24G sublimate on 
the extraction surface from this soot-like carbon output oa (c) this surface of extraction, . And 
collect C 60 , C 70 , and C240 by condensing sublimated this C 6Q| G 7Q , and. C 240 . How to manufacture 

a mixture of C 60 which consists of things, 0 70 , and G 24Q . 

[Claim 5]A manufacturing method of which collects Gg Q and/or C 7Q from a mixture of the G 6Q 

according to claim 2, C 7Q , and G 24Q with a solid or a solution, and/or C. 70 . 

[Claim 6] A method according to claim 1 by which Gg Q is collected in solid form. 

[Claim 7]A method according to claim 1 by which Cg Q is collected with a. solution. 

[Claim 8]A method given in either claim 1 which are the alkanes in which a nonpolar organic 
solvent has benzene, toluene^ a carbon tetrachloride; carbon bisulfide, 1 ,1,1-trichlofoethahe, 
xylene* or five to 10 carbon atom, or claim 2. 
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[Claim 9]A way according to claim 6 a solid of C. 60 is crystalline-solid C 6Q . 

[Claim 10] A method given in either claim 1 into which C 7Q is separated from Cg 0 , or claim 3, 

[Claim 1 1]A way according to claim 1 0 C 7Q separated from C 6Q is solid C 7Q . 

[Claim 12] A method given in any one paragraph of claims 1-4 which make soot-like carbon output- 
adhere on the extraction surface where an adhesion step separated from vaporizing positions 5-10 
cm. 

[Claim T3]A method given in any one paragraph of claims 1-12 in which a carbon source 
evaporates in a vacuum reaction machine. 

[Claim 14] A method given in any one paragraph of claims 1 -13 whose carbon sources given to 
evaporation are graphite, amorphous, or glassy carbon. 

[Claim 15] A way according to claim 14 a carbon source given to evaporation is graphite. 
[Claim 16] A method given in any one paragraph of claims 1-15 which send current of sufficient 
strength for a carbon source, evaporate a carbon source, and make, soot-like carbon output 
generate. 

[Claim 17] A method given in any one paragraph of claims 1-16 which are noble gas of an inactive 
gas for quenching. 

[Claim 18]A way according to claim 17 noble gas is helium or argon. 

[Claim 19]A way according to claim 8 a nonpolar organic solvent is benzene. 

[Claim; 20]A method according to claim: 6: of including refining solid C 6Q further. 

[Claim 21]How to extract Q 60 from a; source of a carbon substance which consists of contacting a; 

source of a carbon substance to a nonpolar organic solvent, and contains C 6Q . 

[Claim 22]A method according to claim 21 of being the alkanes which; have benzene, toluene, a 
carbon tetrachloride, carbon bisulfide, 1, 1 /I -trichloroethane, xylene, or five to 10 carbon atom from 
a nonpolar organic solvent. 

[Claim 23] A method according to claim 21 by which C 6Q is collected from a nonpojar organic 
solvent 

[Claim 24]A method according to claim 21 of C 70 existing in a source of a carbon substance, and 
extracting G 60 and C 70 , 

[Claim 25] fr method according to claim 24 by which C yo is separated from C 6Q . 

[Claim 26]A solution which is a, fullerene solution of G 6Q and/or G 7Q dissolved jn a nonpolar organic 

solvent, and exists in. this nonpolar organic solvent in quantity sufficient since this fullerene can 

collect these fullerene as a solid when it evaporates this nonpolar organic solvent. 

[Claim 27]It is the solution of fullerene of a mixture of C 60 , C 7Q( and C 240 dissolved in a nonpolar 

organic solvent, A solution which exists in this : nonpolar organic solvent in quantity sufficient since 
this fullerene can collect these fullerene as a solid when it evaporates this nonpolar organic 
solvent 

[Claim 28]A solution given in either claim 26 which lis an alkane in which a nonpolar organic solvent 
has toluene, benzene, xylene, carbon bisulfide, a carbon tetrachloride, or five to 10 carbon atom, or 
claim 27. 

[Claim 29] A solid which consists of G 6Q . 

[Claim 30]A solid which consists of C 7Q . 

[Claim 31]A solid which consists of C 60 and C 7Q . 

[Claim 32] A crystal of C 6Q . 

[Claim 33]A crystal of C 7Q . 

[Claim 34]A crystal of C 6Q containing C 7Q . 

[Claim 35]A crystal of G 7Q containing C 60 . 

[Claim 36]A mixture, of a ; crystal of C 60 , and a crystal of C. 7 q. 
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* NOTICES * 

JPO and I NPIT are not responsible for any 
damages caused by the use of th is translation. 

1 This document has been translated by .computer. So the translation may not. reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3:In the drawings, . any words are not translated. 
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[Detailed Description of the Invention] 

Technical field This invention relates to the generation from a carbonaceous new form and a 
carbon source, and the method of extraction. 

Kroto and others assumed and advocated existence of the very stable molecule which consists of 
60 carbon atoms only based on the analysis by the mass spectrograph of the graphite which 
evaporated in background art 1085 (H, W. Kroto et a!.. Nature, November 14, 1985 [ 318, 162, and ]). 
What should furthermore be mentioned specially, they just merely observed the peak of the mass 
spectrum of this carbon vapon And a this [ Kroto and others ] compound all did not isolate. 
The; model (model) about this compound is proposed, and according to. it, 60 carbon atoms will be 
at. the top of the. ****'ic'osahedron- which forms a perfect "football" structure.Theh, much: 
literature is supporting/proof that this molecule exists. In the analysis reported to these articles, it 
is presumed that, the compound (following, C 60 ) of 60 carbon atoms was generated In mass 

spectrograph. However, no researcher succeeded in proving existence of this molecule until now. 
That is because not all the researcher also succeeded in Isolating a molecule in a measurable 
quantity. Therefore; the method of generating this new compound of an extractable quantity was 
not described till the present. 

Supposing it can generate so much, in the aforementioned literature by Kroto and others authors, 
About new substance C 60 , propose many uses and, for example, the G 60 transition metal 

compound Fe, for example, Q 60 , or a halogen ate d compound, for example, C 60 Fg 0 , In; the molecule 

which may become super-lubricant, and .contains oxygen and a lantern in the inside of G 6Q . Cg 0 

may provide a new aromatic core topblogjcaly about the new field of organicity and inorganic 
chemistry., and since especially Q 60 was stable and symmetrical, it presupposed it that a possible 

catalyst and/or intermediate may be provided although the model of the chemicals relevant to the 
origin of life is carried out. 

The existence; of a carbon form (C 70 ) which contains 70 carbon atoms in addition to this was also 

assumed (Kroto, Chemistry in Britain, 40-45, (1990), Kroto, Science, 11 39-1 145 (1 988) reference).. 
Nobody has succeeded in proving existence of Gj Q as well as G g0 until now. It has not succeeded 

in obtaining this molecule in quantity to the extent. that who can check till the present. 
Indication of an invention Extractable C 6Q of quantity and the success method of C 7 q were: 

developed by this invention. In this invention, about the manufacturing method of the compound of 
C 6 Q and G 7Q , it, Graphite is evaporated in the atmosphere of the inactive, gas for quenching by the 

effective pressure in the exhausted reaction vessel, The carbon, output which collected the 
generated carbon output which was quenched from the reaction vessel, and quenched them is 
contacted under conditions effective in separating the nonpplar organic solvent for extraction, C 6Q , 

and a. G 70 compound. 

Therefore, it becomes. 

The new method of this invention is attained by evaporating a carbon rod in the atmosphere of the 
inactive gas for quenching maintained under the pressure lower than atmospheric, pressure in the 
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reaction vessel of this purpose. This method produces carbon output like the soot which is 
graphite nature carbon -extract-able from output containing C 6Q of several percent, and G 70 of a low 

level. However, if a pressure is made larger than atmospheric pressure, the ratio of the C 7Q 

molecule generated will increase. 

The extraction method is preferably attained by alternative extraction of C 6Q and C 70 from 

graphite nature carbon like soot using a nonpo.lar organic solvent. The method of this invention 
generates G 6Q and C 7Q in an extractable quantity, and the proposed above-mentioned use is 

realized possible. 

Brief explanation of the drawings In an accompanying drawing, drawing 1 is a microphotograph of 
the typical, crystal of the substance of 98%C 60 and 2%G 70 in which the symmetrical thin scutellum, 
stick, and star shape of a hexagonal system are shown. 

Drawing 2 is an X-ray diffraction photograph of the micro crystallite powder of the solid matter of 
98%C g Q and 2%C 7 q. The electron diffraction pattern of the singly crystal shown with X line pattern 

and a corresponding Miller index taken about the thin scutellum in drawing 1 by the electron beam 
vertical to ap even field is inserted in the upper left. 

The thipg of only a silicon substrate is in drawing 3 with a standard, and it expresses the infrared 
absorption spectrum, of 98%C 60 on a silicon substrate, and a film; with a thickness of about. 2 

microns of a 2%C 7 Q substance. Ah absorptivity is given as optical-density -log 10 (1/T) (T is 

transmissivity here).. The negative absorptivity on appearance is for a tunic to hit also in the 
operation as an antireflection layer. 

Drawing 4 is ah absorption spectrum ranging from the visible region to an ultraviolet region of 98% 
CgQ on quartz, :aod a tunic ■■with a thickness of about 0.1 micron of a 2%G 7Q substance. The position 

and relative oscillator strength of an allowed-transitipn line which were calculated by Larsson and 
others about the C 60 molecule are shown in the lower part, 

The first stage of generation of the best gestalt G 6Q for inventing and a Oj 0 molecule is 

evaporating carbon from the arbitrary source materials which contain carbon, for example in 
various forms, such as graphite arid formless and vitrified carbon. As for this evaporation, it is 
preferred to -be generated in the exhausted reaction vessel (for example,, bell jar). Carbon is 
evaporated by heating in the inactive gas for quenching. Carbon vapor generates a crystal nucleus 
in the inactive gas for quenching, and forms a carbon smoke particle. 

Although the arbitrary ways of .evaporating carbon can be used in generation of G 6Q and Q 70> a 

desirable, method is based on use of the high intensity current which uses a graphite stick as an 
electrode. These sticks are fabricated so that carbon may be evaporated at the tip of a stick, and 
they generate a carbonaceous high-density steam. In, order to obtain the best result, it is making 
the diameter of one end of a stick thin and making it evaporation arise at the tip of a thin part. A 
stick can be manufactured, for example using- the arbitrary things of the form of various carbon, 
such as graphite and formless and vitrified carbon. 

It can be used for the inactive gas for quenching, the usual arbitrary things, for example, noble gas, 
of inert gas. The latter is the most preferred although argon and. helium are preferred. Other inert 
gas. by which normal use is carried out to' bringing about nonrespphsive atmosphere can be used 
as a gas for quenching. 

It depends on the pressure of the gas for quenching for the quantity of C 60 generated from this 

carbon source, and C 7Q . In a low pressure, a comparatively pure Gg 0 molecule can generate with 

high yield with C 7Q of small concentration. In order to mainly generate a Cg 0 molecule, the 

pressure by which the gas for quenching is maintained must be below atmospheric pressure, and is 
about 50 to 400 to rr preferably. Especially a desirable thing is about 1 00 tdrr in pressure. Use of 
the pressure, of this (5.0 to rr) the following brings about the low yield of CgQ.. 

However, if a pressure is improved, the ratio of C 70 :C 60 will increase. 
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If a pressure increases to at least 2 atmospheres, the generation ratio of G 7Q serves as the 

maximum. A pressure is not raised theoretical splendid, just before exploding, since a reaction 
vessel is high voltage. However, even if the ratio of C 70 :C 60 increases further by a high pressure, 

the yield of the whole output (C 6Q and C ?0 ) will fall. So, the pressure of the gas for quenching must 

not actually have that it is larger than 10 atmospheres as the upper consideration. The desirable 
pressure which makes quantity of C 70 generated the maximum is 2 to 3 atmospheres. 

It ,is a wrap considering the inner surface of a reaction vessel and a collection board as black soot, 
carbonaceous quenching steam, i.e., carbon soot particle, which were generated.. These collection 
surfaces do not cause carbon and the reaction which evaporated. The transparent substance itself 
may be sufficient as this collection surface, or the tunic of an inert metal may be on it. The 
example includes glass or a golden covering glass surface. These collection surfaces are located in 
•the passage of the carbon soot in a reaction vessel. Thus, the spot which gathered is recoverable 
by writing from the surface where arbitrary suitable means, -for example, soot, adhered. C 60 and 

the G. 70 molecule can collect the quenching output extracted as mentioned above by contacting an 

extracting solvent. If it puts in another way, an extracting solvent will be poured' out on the black 
soot into which black, soot was mixed in the container into which the extracting solvent was put, or 
it was put by the container. In any ease, CgQ and a Q 70 molecule dissolves in a solvent, but the 

remainder of black soot does not dissolve. This insoluble matter moves :a supernatant fluid to 
another container, or is separated from the solution containing C 60 and a C 7Q molecule by using a 
filtration process or other means. 

the aikanes (for example, pentane.) in which a suitable solvent contains a nonpolar organic: solvent 
for example, five to ten carbon atoms The thing similar to hexanes, heptane, octane, benzene and 
alkylbenzenes (for example, toluene, xylene), carbon bisulfide, a carbon tetrachloride, naphtha, 
1 ,'1; f 1 -trichloroethanfe, and it is included. Selection of other suitable solvents can be performed by 
measurement of the easy solubility by the usual experimental method. Desirable solvents are 
carbon bisulfide, benzene, a carbon tetrachloride, and toluene. Especially desirable things are 
benzene, a carbon tetrachloride, and carbon bisulfide. 

The acquired output contains the mixture of C 60 and G 7Q . As mentioned above, it depends for the 

quantity of C 60 which exists; in a mixture,, and G 70 on the used pressure. Supposing the pressure 

below atmospheric pressure,, for example, 50 to 400 torr, is; used, output will be almost pure C 6Q 

and a little C 7Q . Therefore, the. output which will be acquired if the collected output dissolves and 

is distributed in an extracting solvent turns into a mixture of Gg Q and G 70 , For example, when a 

pressure is 1 0.0 torr, the, output formed is about 98% of G 6Q , and about 2% of C 70 . This output is 

separable from an organic solvent solution by evaporation of ,a solvent, or the method of a 
standard so that according to dilution of the solyent solution by the noh solvent to C 6() . Output 

can be crystallized with careful evaporation of an organic solvent or a sublimaition approach. 
In the desirable mode which generates G 60 and G 70 , this, graphite : stiek is evaporated by letting 

high current (exchange or direct current) pass through the narrow tip of a pure graphite stick. An 
electron beam, laser, and high frequency induction heating can use it instead of an electric heating. 
After this exhausts and carries but gas cleaning of the reaction vessel (for example, bell jar), it is 
performed breath pressure or in. having filled with the inert gas of the pressure beyond it 
preferably in about 400 from less than it, for example, 50, torr. Graphite 2 Honbo is 1/4 inch only 
in diameter generally, and one of them uses what reduced the diameter for about 1 cm of tips to 
about 5 mm. By an electric heating, the tip where this graphite stick 1 became thin is evaporated, a 
carbonaceous high-density steam is generated, and it serves as spot which consists, of very 
detailed particles (particle diameter of a 0.1 -micron grade) of the graphite nature carbon which is 
condensed quickly and the C 60 molecule of a request of several percent mixes. In this stage, on a 

collection board and/or the wall of a reaction vessel, the coat of a lot of black soot is generated, 
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and this can be easily written with an extraction stage. 

Soot output generates the red solution which was processed by benzene and is brownish in 
extraction. After separating and removing insoluble solution graphite nature carbon, a benzene 
solution evaporates and acquires micro crystallite output. As an option, it is obtained by 
sublimating carbon of soot at 300 to 400 **, and sublimation output is acquired by the 
condensation on the usual substrate. 

When the pressure of the inactive gas for quenching is 100 torr, the output formed is 98%G 6Q and 

2%Q 70 . This; output is a black crystalline substance from seal brown, when obtained from the **** 

extract of sobtHike graphite nature carbon. When obtained by the sublimation in a vacuum or an 
inert atmosphere, output is acquired as a brown thru/or gray coat according to thickness. 
According to the result of mass spectrometry measurement, a spectrum shows a peak clearly 
strong at mass 720amu (namely, mass of G 6Q ), and a peak clear at 840amu (namely, mass of G 70 ). 

It is only an isotope ratio in a mass field lower than 300a mu that there is a difference remarkable 
in a spectrum. Most of these differences seem to be generated from the: difference between the. 
difference of an ionizing method with built-in mass spectrograph, and a sample desorption process. 
By a substance evaporating, the former clearest mass spectrum is obtained, when ionized with an 
electron by a vapor phase. In this spectrum, the: mass of the range above about 40 amu(s) is 
almost monopolized by the peak of C 60 mass, and the peak which appears; in the place which hits 

that isotope, irrespective of the size of an isotope ratio, the big mass seen in addition to this only 
one is equivalent to C 7 q, and the ratio of C 70 opposite G 6Q is about 0.02. 

If the Q 60 substance which remained after evaporation of a benzene solution is investigated with 

an optical microscope, various crystals (mainly a stick, a --scute Hum, and a Hbshi Mr. flake) will be 
observed. Drawing 1 shows the microphotograph of the meeting of this crystal. All the crystals 
tend to show symmetry-of-revolution nature 6 times. At the transmitted light, they look red 
thru/or brown, by catoptric light, a big crystal has metallic- appearance and, on the other hand, a 
scutellum shows the interference color equivalent to about 2 refractive index. 
It is suitable a: scutellum is fairly thin, therefore ideal for observation by the electron diffraction 
using an electron microscope (refer to insertion of drawing 2). 

In order to decide whether a C^q molecule forms a regular crystalline lattice, electron diffraction 

and an X diffraction were performed about each crystal and powder. The; typical X diffraction 
pattern of the refined C 60 powder is shown in drawing 2. In order to help to compare the result of 

electron diffraction with the result -of X-rays, the pattern of electron diffraction is. inserted in the 
corner of drawing 2. 8.7-A :d spacing equivalent to the reciprocal lattice vector (TOO) of the lattice 
of a hexagonal system was drawn from the arrangement of the hexagon of the diffraction point 
which gave the Miller index: as shown in a figure. The clearest correspondence between diffraction 
of two types is between , X line pattern of a 5.01 A peak, and the electron, diffraction pattern of the 
point of giving about 5.0-A spacing (100). d spacing can be calculated assuming that a C 60 

molecule carries out an action generally as a ball accumulated on hexagonal closed-packed 
structure by the c/a ratio of 1.633. A result is shown in Table I. 
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The value calculated from the above analysis will be a= 20.02A and cf 16:36 A. So, nearest- 
neighbors interatomic distance is 10.02A. In the structure of this crystal, density is calculated with 
1 .678g / cm 3 , and it is in agreement with the value of 1.65+/-.05 calculated by hanging a crystal 
sample in the GaCI 3 solution of the density of common knowledge, the width in the absence and a 

certain field of the powerful (101) diffraction line which is the feature of hexagonal close-packed 
structure .although the coincidence .shown in Table l is good — it has suggested that a large 
continuous spectrum is lower than order with a perfect crystal. Clear point arrangement was not 
looked at by the X diffraction image acquired as the crystal which has the fully grown-up field 
which moreover grew up to be a size of an about [ 50.0 microns ] carefully. (This is contrastive 
with the electron diffraction pattern of the crystal of the size about a micron). Therefore, these big 
comparison crystals seem not to show long-distance periodic order in. all the directions of a 
crystal axis. 

As; explanation of this unusual diffraction pattern, c: axis has a. view of being ip disorderly pile 
arrangement of the molecule of a right-angled flat surface. It is common knowledge to determine 
whether the arrangement which Motomu Harako occupies in the third layer of a pile becomes any 
to be among two sorts of close-packed structures, and pile arrangement of fee (face-centered 
cubic lattice) is ABC ABC, 

On the other hand in hep hexagonal close-packed structure, it is ABABAB, 

If pile arrangement changes,, width can extend the X diffraction line by a certain flat surface by this 
disorderly nature, and the remaining diffraction lines are still sharp. It turned out that the result 
depended disorderly [ such crystallihity ] is before observed in the close-packed structure of 
cobalt, arid an X. diffraction line, for example (101), (102), and (202) spread remarkably by 
lamination disorderly nature in that case. Since these flat surfaces have the same spacing in both 
the structures of fee and hep,, a crystal face; for example,, the reflected ray from (002), is still 
sharp. A general expression of which line width can extend by this kind of randomness is given 
with a Miller index (h, k, 1) as h-k=3t**1 and 1!=0 (t is an integer). Which of these spreading 
reflection is not clear by the X diffraction image .of drawing 2. This explains the weak fact of the 
powerful (101) line which is the feature of the maximum hexagonal closed packed. It is the future 
problem whether it is related to mixture of the C 70 molecule considered suddenly also in the form 

where this lamination disorderly nature extended the- ball. 

In a crystal small at least, a C 6Q molecule seems to take quite regular arrangement automatically 

so that it may be a ball-shaped molecule. This supports thoroughly assumption that this molecule 
has football structure; The portion into which the diameter of the experimental value is over the 
theoretical value of 7.1 A which calculated the diameter of basket itself with spherical carbon is 
equivalent to the van der Waals effective diameter by mutual rebounding of the: pi electron clouds 
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which have spread in the exterior of each carbon atom, then is considered. The result depended 
on the scanning tunnel chemical microscopy method of a G 6 q molecule shows the spherical 

substance of a C 60 molecule clearly. 

Some images of the scanning tunneling microscope of the carbon sample manufactured in the 
aforementioned vyay in 1 00-torr helium pressure show a twice as many spherical molecule as the 
diameter of a C 6Q molecule. This is the proof of the existence of a cage molecule, i.e., a C^ 40 

molecule, containing 240 carbon atoms. 

The pure substance was sublimated on the transparent substrate for penetration spectrometry, 
and the sample; for spectroscopy was created. Depending on the. pressure of helium in a 
sublimation room, a certain grade depends for the size of particles oh a pressure from a thin film 
(by high vacuum) with uniform character of coating in coating of G 6Q isoot (namely, microcrystah 

grains child below the micron of solid C 6Q ), and this case. 

Drawing 3 shows the transmission spectrum of G 6Q coating with a thickness [ on a silicon 
substrate ] of about 2 microns. In the infrared-spectrum belt, 1429, 1183, 577, and four most 
powerful lines of 528cm~ 1 are shown, and rip bag grounds of the continuous spectrum with spot 
remain. In the eariy trial in which a C 60 substance is refined, an infrared spectrum shows a strong 

band by the 3.0-micron neighborhood, arid it is the feature in the elastic mode of CH. After many 
efforts, this inclusion washed soot with ether arid removed it we 1 1 by using distillation benzene for 
extraction. The spectrum of drawing 3 was; acquired when the substance, purified in this, way 
sublimated in a vacuum on a substrate. This spectrum is pointing to there being, dramatically few 
GH impurities. 

small ™ the strong, existence of a band of four — a piece — it is expected from symmetry with an 
unusually high molecule of an independent **** icosahedron. Other weak infrared lines of a large 
number by other causes exist, and as the appropriate cause For example, the absorption band by a 
C 7 q molecule, Since; isotopes, other than G 12 are intermingled in the carbon atom which 
constitutes the C 60 molecule, the interaction between the thing to depend on symmetry having 
broken or the C 6Q molecule under crystal, etc. can be considered. It is a small mountain in about 
2330 and 21 90cm"" 1 which are located near the elastic mode of an independent C0 2 molecule and 
GO molecule to deserve attention. This is considered that C0 2 or CO will have adhered to the 
molecule of a small percentage: in some forms very much among the total of a G Q0 molecule. 

Although other effects which should be observed are mountains observed in 675cm~- and it is low 
with a thin film sample, it is almost similarly [ to the four main peaks ] strong by the sample of a 
crystal. Therefore, this modei of vibration; is a thing of the molecular twist straw-mat solid origin. 
Drawing 4 shows the absorption spectrum which took the uniform thin film which covers a quartz 
glass substrate, top using the sample. As [ hid / in th;e background by graphite nature carbon / 
as / in the spectrum of an experiment pur past / the aspect of the ultraviolet-rays part ] a width 
of 216, 264, and 339 rim: — a large peak occupies a spectrum. A low .structure appears in a visible 
region and includes plateau type the mountain and the very low peak near 625 nm which have both 
ends 460 and near 500 nm. The position and relative oscillator strength of a theoretical spectrum 
which were taken from the paper (Chem.Phys.Lett.137, 501-504) of Larsson and others calculated 
about the C 60 molecule by the pars basilaris o.ssis occipitalis of drawing 4 are shown. This cited 

document shows various forbidden-transition belts again, arid the thing of the minimum energy is 
in the 500-nm neighborhood. Between transition of the allowed molecule with this experimental 
result about a thin film which was expected theoretically, it seems that a great portion of 
correspondence: exists. It was thought that this mountain was indicated by Heath and others (J. 
Chem.Phys.'87, 4236-4238 (1987)), was observed using laser decrease spectroscopy, and was 
based on a C 6Q molecule. A 386-rim mountain was not seen in our Cg Q thin film. The spectrum 

completely same, in drawing 4 was recorded about micro crystallite coating which deposited,- for 
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example by the helium pressure of TOO torque. A peak is produced in the position which shifted all 
a little like 219, 268, and 345 nm. 

A G 70 molecule is larger than a C 6Q molecule. As for a C 7Q molecule, the molecular ion shows a 
peak by 840amu with mass spectrograph. Moreover, the remarkable peak in the ultraviolet 
spectrum of the C 70 molecule of the uniform thin film covered on the: quartz glass substrate is 

shown by about 216 nm. This is a large peak. A C 7Q molecule seems to be more stable than C 60 in 
a thing surprising again. 

So, the pressure and the output whose Gg 0 contains a little Q 7Q in it by the main ingredients by 

the pressure of 50 to 400 torr especially of a quenching, gas lower than 1 atmosphere are 
generated using the aforementioned way. This C 60 output can be further refined, although it can 
be. used as it is. 

Refining G 6Q and C. 7Q further and the method of separating have many well-known methods, for 

example, a fractional crystallization method column chromatography, a capillary tub.e 
electrophoresis analysis method, HPLC (high performance ch^omatpgraphy), preparation thin layer 
chromatography, etc, to a person skilled in the art. 

Since the shape of the molecule of C 6Q . and C 7Q differs, and. the attraction between molecules 
carries out ; difference, two sorts of molecules are; easily separable. 

Two sprts of compounds are separable by CgQ in a pure solvent and a mixed solvent differing also 
from the solubility of C. 70 mutually moreover, therefore using a well-known Prior art, for example, 
crystallization, solvent extraction, etc. for a person skilled in the art. 

For example, the pure molecule of and C 7Q can isolate as follows. The black . spot mixture of 

Gg 0 and G 70 generated by the aforementioned way is put in an extracting solvent, for example, 

benzene, Except for an insoluble residue, the benzene solution containing the molecule of Cg 0 

produced by doing : in this way and C 7Q is condensed first. The solution of C g0 and C 7Q is added to 

the column (column) in which adsorbent, for example, alumina, was filled. A column is elated with 
the mixture of an eluate, for example, benzene, or benzene, and toluene. Various fractions of the 
specified capacity, for example, 1 0mL, are collected. An eluate, i.e., a solvent, is removed from 
each fraction, for example by evaporation, and it hardens by drying. As for the fraction containing 
output, it is checked by spectroscopy, for example, mass spectrometry, including micro crystallite 
what the very thing is. 

Therefore, the method of this invention generates the output whose Cg 0 is the main product 

Moreover, if it is a. request, the aforementioned refining and separation technology can refine 
further. 

This invention teaches two different strange methods of the aforementioned, approach for making 
a C 70 molecule. Supposing the gas for quenching of the pressure under atmospheric' pressure is 

Used in the first stage as for the first method, very little C 7Q is generated and it can be separated 

from a C 6Q molecule using the aforementioned refining art. Supposing the pressure of the gas for 

quenching is raised to at least 2 atmospheres, the second method will be generated after 
separation and refining, whenever comparatively a lot of almost pure C 7Q evaporates carbon once. 

Cg 0 and G 7 Q which are a new o.utput of this invention, and those mixtures have the same, use as 

graphite. However, they are useful especially although the. output of stability higher than what is 
formed from graphite nature carbon is formed, And the output, for example, a G 6Q fiber, formed or 

molded, C 70 fibers, and those mixtures can be made using standard treatment technique. At this 

point, granular C 6Q and G 7Q of free mobility have value special to manufacturing the molded output 

and the thing especially extended by one way at least. G 60 and G 70 — if the low-temperature C 60 

steam (300 to 400 "**) and C 7n steam of each molecule were generated and graphite* was used as 
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a present carbon source, it is useful although the low-temperature element and molecular beam of 
carbon which is hot possible are generated. Composition of a compound, for example, C^H^ and 

C^F C o can be attained when each introduces hydrogen and fluorine into the reaction vessel 
bU bU 

containing a C 60 steam. Moreover, C 6Q output and C ?0 output can be used as an industrial use 
coating pigment or lubricant. Since C 60 and a. G 70 molecule are hollow, they should be able to use 
various kinds of molecules- for example, the molecule of a toxic substance, etc., for joining 
together and/or storing. 

The end of example example 1 C 6Q content carbon powder was first exhausted to the 10~ 4 torr by 

;any (it has both liquid nitrogen traps) of the oil diffusion pump or the turbine pump, and it 
manufactured with the conventional bell jar carbon evaporator which filled the inactive gas for 
quenching next. Helium and argon were; used by the pressure which made 400 torr the maximum. 
Subsequently, the graphite stick (it mentioned above) was evaporated using about 100 A (AC or 
DC) current. 

The soot formed in the surroundings of the evaporating carbon rod was collected on the substrate 
placed into 5.-1 0cm of the evaporating carbon rod. 

The evaporator was opened after the; cool time for t0 to 30 minutes, and the sample jn the end of 
carbon powder was taken out by writing a substrate face and the inner surface of a bell jar. It- 
ranked second; benzene extracted the powder sample collected after washing with ether;, and the 
wine-red one thru/or brown solution was generated. When the solution was evaporated,, C 6Q was 

obtained as a residue of micro crystallite. 

The crystal was sublimated by heating at 400 ** in a vacuum or the inert gas for qOenchihg, and 

were collected oh the substrate. The sublimated output was brown thru/or gray. 

In a powdered form, the .allotrope of the new carbon of this invention is the brownish red. 

Although a way is repeated in example 2 Example 1, in the first stage, a graphite stick evaporates 

by the helium pressure; of 2 atmospheres or more in a reaction vessel. The output acquired from 

this way contains C 70 of larger percent than the output of Example 1. 

example 3 — pure C 6Q arid pure G 70 are obtained as follows; 

It dissolves in benzene and C 60 and the C ?0 mixture which were manufactured by Example 1 or 
any of 2 they are are added to the column of alumina. Using benzene as an eluate, fractions are 
collected arid each eluate fraction is evaporated to dryness. Existence of C 60 in a fraction and C 7Q 

can be searched for by taking the mass analysis. 

An above-mentioned mode and example are shown in order to explain the range and the meaning 
of this invention. These modes and examples exist within the limits of instruction of this invention. 
So, this invention should be restricted by only the claim. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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